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ABSTRACT 
 
Spatiotemporal Analysis of Escherichia coli along metro-Atlanta Surface Waters 
DIANA MARIE ORQUIOLA 
(Under the direction of Dr. Lisa Casanova) 
 
Introduction: The Chattahoochee River and its lakes and tributaries are essential resources for 
metro-Atlanta; however, urbanization and other human impacts near these resources affects the 
quality of water. The objectives of this study are to describe the spatial and temporal patterns of 
Escherichia coli (E. coli), and examine the relationship between rainfall and E. coli levels in 
metro-Atlanta surface waters, including the Chattahoochee River and its lakes and tributaries. 
 
Methods: The water quality data used for the study was originally collected and analyzed by the 
Chattahoochee Riverkeeper (CRK) Neighborhood Water Watch (NWW) program. For this 
analysis, sites with a total of 50 samples or more were subjected to descriptive analysis.  
 
Results: Twenty-seven of the 36 sites had a mean E. coli concentration exceeding the US EPA’s 
recreational water quality criteria of 2.37 log Most Probable Number per 100 milliliters. Sites 
with the highest and lowest mean E. coli levels were located, on average, 2.77 and 20.22 miles 
from downtown Atlanta, respectively. Spikes in E. coli levels occurred 99 counts of 699 
sampling events in the winter, 168/827 spring, 141/877 summer, and 170/950 fall. Seven of the 
36 sites were analyzed to examine the relationship between 48-hour rainfall and E. coli levels. 
Four sites indicated that there was a significant positive correlation between the two variables. 
(r=0.52, p<.0001; r=0.67, p<.0001; r=0.39, p<.0001; r=0.38, p<.0001)  
 
Discussion: The water quality in waterways closer to downtown may be attributable to 
combined sewer overflows and the urbanization and land use associated with the city. Overall, 
there was temporal variation in E. coli concentrations, however there was no distinct seasonal 
pattern. The relationship between 48-hour rainfall and E. coli levels of four of the seven sites 
analyzed was consistent with other studies. 
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I. INTRODUCTION 
1.1 Background 
Chattahoochee River 
The Chattahoochee River, stretching for nearly 440 miles, is the most heavily used 
surface water resource in Georgia. The river supplies nearly 70 percent of metro-Atlanta’s 
drinking water and is often used for recreational activities, especially during the summer months. 
The river begins in the Blue Ridge Mountains in Union County and flows southwest through 
metropolitan Atlanta and the Georgia-Alabama border before joining the Flint River at the 
Georgia-Florida border. The two rivers merge together as the Apalachicola River and discharge 
into the Gulf of Mexico. This basin is known as the Apalachicola-Chattahoochee-Flint (ACF) 
basin. There are also many lakes and tributaries connected to the Chattahoochee River, 
including: Niskey Lake, Proctor Creek, Nancy Creek, and Peachtree Creek, which may also be 
used for recreational activities. Thus the Chattahoochee River and its lakes and tributaries are 
essential resources for the surrounding communities; however, urbanization near these resources 
affects the quality of water through point and non-point source contamination (EPD, 1997; 
Georgia River Network, n.d.).  
Since the 1950s, the metropolitan Atlanta area has more than tripled from 1 million 
residents to over 3 million residents (USGS, 2016b). This rapid development and growth can 
harm the chemical and biological quality of the Chattahoochee River and its lakes and 
tributaries. There are also many agricultural and industrial activities that may impact the quality 
of the resource (EPD, 1997; Georgia River Network, n.d.).  
Clean Water Act (CWA) 
There are many chemical and biological contaminants found in surface waters that impact 
water quality and human health. The Clean Water Act (CWA), originally enacted in 1948 as the 
Federal Water Pollution Control Act in the United States, establishes the basic criteria for 
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regulating surface water quality standards and pollutant discharges into surface waters. In 1972, 
the Federal Water Pollution Control Act became the CWA after significant amendments and 
expansions. This act was passed to protect and restore the nation’s waters for humans, wildlife, 
and aquatic life. Under the CWA, the United States Environmental Protection Agency (US 
EPA), in coordination with state governments, implements and enforces pollution control 
programs, including wastewater discharge standards for industry and water quality standards for 
chemical, physical, and biological contaminants in surface waters (US EPA, n.d.b). 
Under the National Pollution Discharge Elimination System (NPDES), the US EPA, and 
the CWA requires and authorizes wastewater treatment plants, chemical factories, manufacturing 
plants, and other workplaces to obtain permits to discharge an acceptable amount of pollutants 
into the nearby waterways. General and individual NPDES permits are issued for five-year 
periods and are subject to renewal thereafter. General permits are issued to distinct industrial 
categories within a certain geographic area, whereas individual permits apply to one specific 
party. The US EPA and state regulators also require the workplaces to limit the amount of waste 
and disclose the type of waste that is dumped in the waterways. The amount and type of waste 
guidelines and limits are determined based on health standards and treatment technologies that 
are currently available and economically achievable. Breaking water pollution laws, including 
discharging and dumping pollutants without a NPDES permit, can lead to fines, jail time, or 
other forms of punishment (Bureau of Ocean Energy Management, n.d.; US EPA, n.d.b). The 
CWA is imperative to improve the health of nation’s surface waters and prevent further 
degradation due to unnecessary, illegal chemical, biological, and physical pollution. 
Urbanization and its effects on surface waters 
Although the objective of CWA is to protect US surface waters, preserving these 
resources can be challenging. The effects of rapid human population growth and urbanization are 
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also detrimental to surface waters and watersheds.  Point and non-point sources of pollution, 
including runoff from animal waste, litter, leaves, lawn care chemicals, household detergents and 
cleaners, excreta, as well as nearby agricultural and industrial businesses, can negatively affect 
the quality of water (Giri & Qiu, 2016; USGS, 2016b). The development of housing and 
infrastructure, food growth, and transportation alters the original land and creates impervious 
surfaces, leading to an increase in stormwater runoff and an increase of the amount of fertilizers, 
pesticides, herbicides, and manure into nearby water sources. This deterioration in water quality, 
in addition to dumping by nearby workplaces and industries, impacts water purification time and 
costs, contributing to the generation of higher consumer bills (Giri & Qiu, 2016).  
Clean Water Act lawsuit filed against the City of Atlanta 
 In the 1940s the Chattahoochee River was considered “clean enough for swimming 
(Inglis, 2014).” However, due to influx of industry into the city, rapid population growth, and an 
aging urban sewer system, the river became consistently and increasingly polluted. From the late 
1970s to the 1990s, the city’s sewer system began to deteriorate when the city failed to maintain 
and upgrade the system periodically. This resulted in elevated bacteria levels by overflows of 
combined sewer system (CSSs) and raw sewage spills into the river (CRK, n.d.b; Inglis, 2014).  
CSSs, sewer systems that collect stormwater runoff, human sewage, and industrial 
wastewater in the same pipe, transport wastewater to its appropriate sewage plant to be treated 
and discharged into a water source. However, during heavy precipitation, the CSSs wastewater 
limit may exceed capacity. When CSSs begin to overflow, excessive wastewater is discharged 
into neighboring waterways. These overflows are called Combined Sewer Overflows (CSOs) and 
may contain untreated, toxic human and industrial waste (US EPA, n.d.c). 
In 1995, the Chattahoochee Riverkeeper (CRK), a nonprofit environmental advocacy 
organization, filed a CWA’s citizen suit against the City of Atlanta. The city violated its NPDES 
 4 
permit by failing to properly regulate the discharge of raw sewage and other pollutants in the 
watershed. Evidence found that toxic metals and fecal coliform bacteria over 5,000 times the 
permissible level were illicitly discharged into the river. In July 1998, the mayor of Atlanta 
signed a federal consent decree to settle the lawsuit. Subsequently, the US EPA and the Georgia 
Department of Natural Resources (DNR) Environmental Protection Division (EPD) also 
enforced stricter regulations upon the City of Atlanta (CRK, n.d.b; Inglis, 2014). In mid-July 
1999, the US EPA and the EPD finally agreed upon a settlement with the city through amending 
the consent decree. The agreement required the city to pay penalties for violations and mandated 
the city to take remedial action to ensure compliance with the CWA and the Georgia Water 
Quality Act (US EPA, n.d.a). The settlements with the US EPA, Georgia DNR EPD, and CRK 
mandated the city to eliminate CSOs violations and to upgrade its sewer system by July 1, 2014. 
After installing many improvements in 2012, an extension was approved to the city until 2027. 
Since the consent decree, the city has repaired thousands of water and sewer pipe leaks, 
constructed a deep sewer tunnel to reduce CSOs, and eliminated more than 400 million gallons 
of sewer spills per year (CRK, n.d.b; Inglis, 2014).  
 Although there have been dramatic improvements, the Chattahoochee River and its 
watershed still suffers from unnecessary pollution. The city and local organizations have 
implemented extensive water monitoring programs to evaluate progress and prevent further 
degradation of Atlanta’s essential resource (Inglis, 2014). 
Chattahoochee Riverkeeper (CRK) 
The CRK was established in Georgia in 1994 to protect and preserve the Chattahoochee 
River watershed through educational programs, water monitoring programs, legislation, and 
cleanup activities. The CRK has been part of a large international coalition, the Waterkeeper 
Alliance, with over 300 similar organizations in 34 countries. The CRK became the 11th licensed 
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Waterkeeper Alliance program and is one of ten registered waterkeeper organizations in Georgia 
(CRK, 2014; CRK, n.d.a).  
The water monitoring programs that help CRK reach its objectives include: BacteriAlert, 
the Neighborhood Water Watch (NWW), Dissolved Oxygen Monitoring, Department of Natural 
Resources Adopt-A-Stream, Protecting Streams and Communities from Industrial Pollution, and 
River Patrols (CRK, n.d.a).  
The NWW program began in 2010 when the CRK began getting calls from locals 
residing in the Tanyard Creek, a Chattahoochee River tributary, watershed. Residents reported 
that the creek often had odd odors and colors. These residents were interested in testing the 
water, but were unsure how to conduct the procedure and analysis. In response, the CRK trained 
volunteers how to properly collect water quality samples for analysis. These volunteers started 
collecting and transporting samples to the CRK office for analysis. The samples from the creek 
confirmed that elevated levels of Escherichia coli (E. coli) were present. The CRK followed up 
by collecting additional samples near pipes flowing into the creek, and found that one was 
discharging raw sewage directly into Tanyard Creek. Shortly afterwards, the CRK and the City 
of Atlanta worked together to fix the pipe to improve the water quality. Following this event, the 
CRK created the NWW program to engage, educate, and empower the local community to help 
eliminate unnecessary pollution of local waters and protect public health (CRK, 2014). The five 
NWW goals are listed below: 
1. “Increase public awareness of water quality issues and local waterway 
conditions. 
2. Provide citizen groups with tools and training to protect their local waterways. 
3. Collect quality baseline data. 
4. Form new partnerships between citizen groups, non-profit organizations and 
government agencies. 
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5. Address and resolve poor water quality detected during monitoring (CRK, 
2014).” 
 
The NWW is a collaborative water monitoring program between the CRK, interns, and 
volunteers from surrounding communities, neighborhoods, and schools to improve water quality 
and protect human health and welfare. The NWW program primarily designates Thursdays of 
each week for sampling collection and Fridays as analysis. Volunteers collect their surface water 
sample(s) at their respective stations and transport the sample(s) to their nearby laboratory for 
analysis. NWW interns analyzes the samples for E. coli (in the Most Probable Number/ 100 
milliliters (MPN/100mL)), optical brighteners (OBs)/fluorometry (in parts per million (ppm)), 
turbidity (in Nephelometric Turbidity Units (NTUs)), and specific conductivity (in micromhos 
per centimeter (µmhos/cm)). On Fridays the results are then recorded and made publicly 
available in their database (www.chattahoochee.org/nww), the Georgia Adopt-A-Stream 
database, and the US EPA STORET database (CRK, 2014). 
The NWW makes it possible to adequately monitor local waterways when state and local 
agencies do not have the resources to do so using locally active and trained volunteers. As of 
July 2017, the NWW has 204 water collection sites (CRK, 2017b). The CRK also developed “A 
Guide for Developing a Volunteer Bacteria Monitoring Program” to influence other 
organizations and communities to start their own collaborative water monitoring program, 
allowing similar organizations to model their successful NWW program (CRK, 2014).  
Although there are many similar water monitoring programs around the US and the 
world, the organization consistently and actively engages the community through a variety of 
awareness, educational, recreational, and community events during the calendar year. This has 
resulted in a cleaner Chattahoochee watershed with a more educated and involved community 
(CRK, n.d.a). 
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Although the CRK was not the first established waterkeeper organization or one of its 
kind, it is noteworthy to recognize that the organization is made up of nearly 7, 000 members and 
has made vast accomplishments. In 2016 alone, the CRK NWW collected and analyzed an 
impressive 4, 265 water samples from 145 sites, stopped 16 major sewage spills, investigated 99 
industrial sites, educated nearly 9,000 students and adults on the West Point Lake and Lake 
Lanier Floating Classrooms, removed 23.4 tons of trash, and recycled 2.5 tons of recyclable 
materials. These results have led the organization to being named the state’s number one Adopt-
A-Stream group for the sixth year. The CRK has been an influential and essential asset for 
protecting and maintaining the health of the Chattahoochee River and its lakes and tributaries 
over the years  (CRK, 2017a).  
1.2 Study Objectives 
Using 5 years of data on E. coli concentrations in water samples collected from metro-
Atlanta surface waters by the NWW program, the objectives of this study are: 
• Describe the spatial patterns of E. coli levels in metro-Atlanta surface waters 
• Describe the temporal patterns of E. coli levels in metro-Atlanta surface waters 
• Examine the relationship between rainfall (inches) and E. coli levels in metro-Atlanta 
surface waters 
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II. LITERATURE REVIEW 
2.1 Recreational water illnesses (RWIs) 
Many Americans participate in recreational water activities including: swimming, 
wading, canoeing, etcetera in surface waters, especially during the warmer summer months. 
These individuals may encounter infectious organisms that may cause recreational water 
illnesses (RWIs) in pools, rivers, lake, or oceans through accidental ingestion. The most 
commonly reported RWI is diarrheal illness; exposure to Cryptosporidium parvum (C. parvum), 
Giardia lambila (G. lambila), Shigella, norovirus, or E. coli O157:H7 in contaminated waters 
can cause diarrheal illness. It is estimated that nearly nine million cases of all waterborne 
diseases, including RWIs, occur each year, however many cases are unreported due to the mild 
nature of symptoms and length of illness (CDC, 2017; Rose et al., 2001). 
2.2 Escherichia coli (E. coli) 
Various forms of bacteria in recreational waters can cause illnesses when ingested. It is 
not practical and feasible to test water samples for all known waterborne pathogens, thus the 
World Health Organization (WHO) recommends the sampling of bacterial indicators, such as E. 
coli. E. coli is a bacterium commonly found in the intestines and feces of both humans and 
animals. Although most E. coli strains are harmless, some are pathogenic and can be linked to 
diarrheal diseases. Furthermore, the presence of E. coli may indicate that other waterborne 
pathogens, such as C. parvum, G. lambila, Shigella, or norovirus, may also exist in the source 
(Gruber, Ercumen, & Colford, 2014). The US EPA and National Park Service (NPS) recommend 
that the population should avoid direct contact with surface water when the E. coli counts are 
above the US EPA Recreational Water Quality Criteria (RWQC) of 235 colony forming units 
(CFUs) per 100mL of water, a single-sample beach criterion. This US EPA standard is used to 
protect recreational users’ health on bodies of water designated for swimming. The criteria is 
based on when the user’s body is fully immersed in the body of water and risk of accidental 
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water ingestion may occur. Exceed the RWQC does not meet the federal standards because of its 
association with a higher risk of illness. Approximately 8 (or more) out of 1000 individuals may 
become sick in direct contact with water that is above the threshold (Lawrence, 2012; US EPA, 
2015a; USGS, n.d.). 
2.3 E. coli and Spatial Variability 
  Studies have repeatedly shown that urban environments and rapid human population 
growth are detrimental to surface waters and watersheds due to increased point and non-point 
pollution sources (Giri & Qiu, 2016). There are also studies devoted to determining the spatial 
patterns of water quality on these resources. Debels et al. (2005) discussed that better water 
quality was found in the upper and middle parts of the Chilliàn River whereas downstream, 
passed the City of Chilliàn, water quality conditions worsened during the dry season due to the 
city’s urban wastewater discharge. Ferreira et al. (2010) also found that urban wastewater 
discharged into the Cértima River basin in Portugal had detrimental effects on its downstream 
neighbor. Furthermore McLellan (2004) compared the effects of sewage discharge and 
stormwater discharge on waterways. The author found that surface waters polluted with sewage 
discharge and CSOs contained 20% more human-related pollution than surface waters solely 
discharged with stormwater (McLellan, 2004). Maane-Messai et al. (2010) also determined that 
their downstream site on the Soummam River had twice as much pollutants than the upstream 
site. Together, these studies demonstrate that urban centers and wastewater discharge negatively 
impact water sources downstream. 
2.4 E. coli and Temporal Variability 
 Studies have identified associations between the variability of weather conditions, 
particularly with rainfall, and occurrence of microbes in surface waters. However, there are few 
studies documenting the relationship between E. coli and temporal variability. Schilling et al. 
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(2009) also found that there was a strong association between E. coli concentrations and 
seasonality on the Raccoon River using 2155 water samples; the highest concentration values 
were typically seen in May, June, and July. Although there is limited research on E. coli and 
temporal variability, reviewing literature about the relationship with other pathogens is a 
possibility since E. coli is often used as an indicator. Rose et al. (2011) discuss that during the 
1997/1998 El Niño years in Lima, Peru, years with above-average temperatures, childhood 
diarrheal visits to the hospital more than doubled.  Further, Cyclospora infections increased in 
children as ambient temperatures increased during the summer months (Rose et al., 2001). Other 
research shows that during the summer and early-fall months, when temperatures are higher, 
surface water quality seems to worsen with increased fecal levels (Maane-Messai et al., 2010). 
These findings may conclude that E. coli concentrations may be higher in warmer temperatures 
as seen in the summer. Further research is still needed to determine if there is a significant 
relationship between the two variables (Rose et al., 2001). 
2.5 E. coli and Rainfall  
Rainfall can wash various chemical and bacterial contaminants, including pesticides, 
petroleum products, and feces, from the ground into rivers and lakes. This is particularly 
important in recreational waterways, where humans can have direct exposure to these chemical 
contaminants and pathogens through ingestion and dermal contact. In addition, past studies 
found strong relationships between stormwater runoff and illness due to increased fecal levels 
(Parker et al., 2010). Fecal contamination in recreational waters may cause mild or severe health 
problems. Those at greatest risk include young children, the elderly population, and those with 
compromised immune systems (USGS, n.d.). 
Swimming in recreational waterways, such as pools, beaches, lakes, and rivers, is a 
popular summer time activity (Kleinheinz et al., 2009; Sampson et al., 2006). Fecal pollution in 
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US recreational areas has been a growing public health concern. Pollution in US waterways may 
derive from sewage overflows, agricultural runoff, and urban stormwater releases. Rainfall and 
runoff has been associated with an increase of bacteria (Kleinheinz et al., 2009).  
  In a study by Kleinheinz et al. (2009), water samples were collected at eight different 
beaches in Wisconsin four times a week during the summer season, starting Memorial Day and 
ending near Labor Day. Six out of the eight beaches consistently showed significant impacts on 
E. coli densities when rainfall was greater than 5mL within a 24-hour time frame; E. coli 
concentrations were higher after the event (Kleinheinz et al., 2009). Another study conducted by 
Tornevi et al. (2014) found that, over a seven year period, increased rainfall produced lower 
water quality in the Gota Alv River, in Sweden. The authors used turbidity and concentrations of 
E. coli, Clostridium, and coliforms to analyze the effects of rainfall. E. coli counts increased 
three-fold when rain was greater than 15 millimeters per 24 hours. The poorest water quality 
found was generally 48 hours after rainfall (Tornevi et al., 2014).  
Although many studies have found significant associations between increased rainfall and 
E. coli concentrations, Sampson et al. (2006) found no relationship. The authors regularly 
collected water samples for 14-16 weeks during the summer of 2003-2004 and within 24 hours 
after raining to determine the effect on indicator bacteria concentrations, including E. coli and 
total coliform counts (Sampson et al., 2006). 
2.6 Relevance of Study 
Since the Chattahoochee River and its lakes and tributaries are often used for recreational 
activities, it is important to understand the spatiotemporal patterns and the effects of rainfall on 
these surfaces waters by examining NWW’s publicly available data. Examining this data can 
help identify whether E. coli samples from the respective waterway are normally within or above 
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the RWQC based on location, season, and/or precipitation events to protect recreational users 
and identify surface waters at risk. 
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III. MATERIALS AND METHODS 
3.1 Data Source 
 The data used for the study was originally collected by the CRK NWW program. Trained 
NWW volunteers, usually citizens who live near the target surface water, collect periodic water 
samples and transport them to the CRK office for analysis. The goal is weekly samples, although 
with a primarily volunteer force some waters are sampled sporadically or have gaps in time. This 
data set was collected from 73 different sites, including two BacteriAlert sites, another CRK 
water quality program partnered with the NPS and the USGS, from 2010-2015, for a total of  
4, 125 samples. 
  Samples were analyzed at the CRK’s US EPA-certified laboratory for E. coli. E. coli was 
measured by the MPN/100mL using the IDEXX® Quanti-Tray® and Colilert-18® and/or Colilert-
24® method (IDEXX® LABORATORIES: WESTBROOK, ME.) according to the 
manufacturer’s instructions. The MPN is not a direct count of bacteria in a given sample, rather 
the MPN estimates the number of organisms by using a dilution(s) of the water sample and a 
statistical probability table. (US EPA, 2012). The water samples were usually diluted to a 2% 
concentration with sterile, distilled water, thus targeting bacteria range from 50 to 241, 960 
MPN/100mL or 1.7 log MPN/100mL to 5.4 log MPN/100mL. However, different water sample 
to distilled water dilutions could have been used based on the site. The different dilution volumes 
to target E. coli concentrations can been seen in Table 3.1.1 (CRK, 2014). 
Water samples were also analyzed for OBs/fluorometry measured in parts per million 
(ppm), turbidity in Nephelometric Turbidity Units (NTUs), and specific conductivity levels in 
micromhos per centimeter (µmhos/cm), however these water parameters were excluded from the 
study’s descriptive analysis. 
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After sample collection and laboratory analysis, NWW interns organized and stored data 
results in Microsoft Excel 97-2003 (.xls) and Excel Workbook (.xslx). The data stored included: 
date and time of sample collection, collection site, rainfall (inches), E. coli (MPN/100mL), and 
other water parameters. An example of CRK NWW data is shown on Figure 3.1.1. 
  Lastly, the CRK separately provided Global Position System (GPS) coordinates for each 
site. 
Figure 3.1.1. Example of CRK NWW data 
  
Table 3.1.1 Dilution volumes to target E. coli concentrations 
Sample 
 (mL) 
 Distilled 
Water (mL) 
 MPN range  
(MPN/100mL) 
 Range log-transformed 
(log MPN/100mL) 
0.5  99.5  200 – 483, 920  2.3 – 5.7 
1  99  100 – 241, 960  2 – 5.4 
2  98  50 – 120, 980  1.7 – 5.1 
5  95  20 – 48, 392  1.3 – 4.7 
10  90  10 – 24, 196  1 – 4.4 
20  80  5 – 12, 098  0.7 – 4.1 
50  50  2 – 4, 839.2  0.3 – 3.7 
100  0  1 – 2, 419.6  0 – 3.4 
Table adapted from CRK (2014) 
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3.2 Analysis of Data 
Prior to analysis, Microsoft Excel Workbook was also used to log10 (log) transform all 
the original E. coli (MPN/100mL) results to normalize the data. Sites were then organized 
according to total amount of water samples collected. Figure 3.2.1 displays the number of 
samples collected at each of the 73 collection sites. Map 3.2.1 displays a map of the 73 sites. For 
this analysis, sites with a total of 50 samples or more over the five-year time span were subjected 
to descriptive analysis since in statistical analysis, larger samples sizes tend to be a better 
representation of the data and more precise (Zamboni, 2017). Thirty-six (36) of the total 73 
collection sites had 50 or more samples, with a total of 3, 353 samples. 
SAS 9.4 was used to perform all statistical analyses for the 36 sites. The MEANS 
procedure was used to find the means, the minimum and maximum, the standard deviation, 
quartile one, the median, and quartile three, and lastly, the range for E. coli (log MPN/100mL). 
The mean was then compared to the US EPA RWQC of 235 CFUs/100mL, equating to 2.37 log 
MPN/100mL. 
Graphs were generated using Tableau 10.3; and boxplots were produced using the US 
EPA’s statistical support software, ProUCL 5.1.00. 
The CRK originally documented the longitude and latitude decimal degrees for each 
collection site in Excel Workbook. These data values, along with the site’s corresponding mean 
E. coli value, were then uploaded to ArcMaps 10.4 to display the coordinates as points. Maps 
were generated to display all 73 NWW collection sites and each of the 36 NWW sites used for 
analysis. The map with the 36 sites included the mean E. coli concentration for each site. The 
map was then used to descriptively analyze the spatial variability based on the sites’ location 
Inside the Perimeter (ITP) or Outside the Perimeter (OTP) and proximity to downtown Atlanta. 
  To examine temporal patterns, E. coli levels of each the sampling events were plotted 
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over time for each site. The graphs were then analyzed for positive spikes in E. coli levels for 
each season to assess seasonal trends.  
. Rainfall provided by the CRK was also not used; however, 48-hour historical rainfall 
(inches) data from the US Geological Survey (USGS) National Water Information Systems 
(NWIS) database was collected to examine the relationship between rainfall (inches) and E. coli 
(log MPN/100mL) concentrations in metro-Atlanta surface waters. The closest USGS tipping 
bucket rain gauges to their corresponding collection site were used; the second closest USGS 
rain gauge to the corresponding site was used for missing rainfall data. The correlation between 
E. coli levels and rainfall was determined using Pearson’s Correlation Coefficient. 
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Table 4.1.1 Descriptive statistics for all sites 
Collection Site 
  E. coli (log MPN/100mL) 
 N  Mean  Standard Deviation  Min  Max  Q1  Median  Q3  Range 
Big Creek at Riverside  122  2.11  0.50  1.70  3.86  1.70  2.00  2.31  2.16 
Burnt Fork Creek  128  2.45  0.56  1.70  4.24  2.00  2.41  2.87  2.54 
Chatt. @ Franklin  53  1.89  0.73  1.00  3.95  1.49  1.72  2.13  2.95 
Chatt. @ Medlock Br.  163  1.85  0.48  1.08  3.50  1.51  1.76  2.03  2.42 
Chatt. @ Paces Ferry  151  2.16  0.58  1.08  3.90  1.79  2.06  2.48  2.82 
Chatt. @ Roswell  121  2.03  0.45  1.70  3.60  1.70  1.70  2.19  1.90 
Chatt. @ Whitesburg  53  1.99  0.69  1.00  3.63  1.49  1.80  2.30  2.63 
Chatt. @ Whitter Mill  87  2.23  0.53  1.70  3.81  1.70  2.19  2.41  2.11 
Clear Creek @ Daylight 
         Tunnel 
 92  3.40  0.77  1.70  5.08  2.94  3.31  3.93  3.38 
Clear Creek @ Piedmont  144  2.74  0.89  1.70  5.08  2.00  2.57  3.42  3.38 
Duck Pond East  86  3.22  0.63  1.70  5.08  2.86  3.11  3.55  3.38 
Duck Pond West  76  2.74  0.71  1.70  4.44  2.25  2.72  3.29  2.74 
Greensferry CSO  75  4.17  0.53  1.70  5.38  3.82  4.16  4.49  3.68 
Little Nancy @ Ivy Br.  72  2.42  0.51  1.70  3.97  2.09  2.41  2.63  2.27 
Long Island Creek  66  2.45  0.57  1.70  4.36  2.00  2.49  2.74  2.66 
Marsh Creek  69  2.76  0.73  1.70  4.41  2.00  2.78  3.30  2.71 
Nancy @ Marist  65  2.72  0.62  1.70  4.14  2.19  2.68  3.19  2.44 
Nancy Creek @ Randall  164  2.55  0.56  1.70  3.90  2.19  2.50  2.86  2.20 
Niskey Lake  65  1.79  0.35  1.70  3.72  1.70  1.70  1.70  2.02 
N. Fork Peachtree Creek @ 
     Lindberg 
 78  2.91  0.59  1.70  4.24  2.50  2.85  3.40  2.54 
N. Utoy @ Fairburn  52  2.68  0.60  1.70  4.54  2.31  2.60  2.88  2.84 
Orme Creek @ Clear Creek  86  2.48  0.74  1.70  4.69  1.70  2.31  2.86  2.99 
Peachtree Creek @ Northside  114  2.79  0.60  1.70  4.72  2.41  2.69  3.14  3.02 
Proc. @ Burbank  63  2.78  0.50  1.70  4.40  2.57  2.78  3.05  2.70 
Proc. @ Hollowell  109  3.03  0.65  1.70  5.38  2.63  2.94  3.33  3.68 
Proc. @ NW  101  2.68  0.47  1.70  3.90  2.31  2.63  2.99  2.20 
Proc. @ Simpson Boone  138  3.65  0.51  1.70  4.91  3.32  3.61  4.01  3.21 
Proc. @ WACS  56  2.53  0.47  1.70  4.09  2.25  2.46  2.69  2.40 
Six Springs @ Boardwalk  81  2.60  0.73  1.70  4.69  2.00  2.50  3.03  2.99 
Spinks-Collins Tributary  84  2.64  0.41  1.70  3.81  2.41  2.63  2.96  2.11 
S. Fork Peachtree Creek @ 
     Briarcliff 
 64  2.56  0.62  1.30  4.09  2.18  2.49  2.96  2.79 
S. Utoy @ Fairburn  53  2.44  0.58  1.70  4.54  2.00  2.41  2.63  2.84 
Tanyard Creek CSO  54  3.41  0.74  2.00  4.86  2.90  3.43  4.05  2.86 
Tanyard Creek Ped. Bridge  194  2.89  0.79  0*  6.08  2.41  2.79  3.31  6.08 
Utoy @ Great S.W.  57  2.65  0.53  1.70  4.12  2.31  2.50  2.94  2.42 
Willeo Creek  117  2.32  0.47  1.70  3.75  2.00  2.31  2.63  2.05 
Overall  3353  2.62  0.78  0.00  6.08  2.00  2.56  3.13  6.08 
Note *Indicates a non-detect number 
IV. RESULTS 
4.1. Descriptive Statistics 
 Descriptive statistics for the 36 sites >50 samples total are shown in Table 4.1.1. The 
mean E. coli exceeded the US EPA’s RWQC of 2.37 log MPN/100mL for 30 sites. These 36 
sites had a total of 3353 samples over five years. The overall mean E. coli of all samples was 2.6 
log MPN/100mL (STD= 0.784 log MPN/100mL), also over the US EPA’s standards. The 
detectable range was 1.0 log MPN/100mL to 6.1 log MPN/100mL. There was one non-detect, 
indicated as a 0 on the table. The site with the highest mean E. coli was Greensferry, a CSO site. 
The site with the lowest mean that met the US EPA’s criteria for recreational waterways was 
Niskey Lake. (Appendix B provides a larger version of the table.) 
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As shown in Figure 4.1.1, box and whisker plots were produced for all 36 sites. Twenty-
nine (29) of the 36 sites had outliers, data points outside the whiskers of the boxplot that differ 
and are distant from the rest of the data. The median values for each site over the entire sampling 
timeframe were around 2.5 log MPN/100mL, over the US EPA RWQC of 2.37 log 
MPN/100mL. Large ranges of E. coli can be seen at the Tanyard Creek Pedestrian Bridge, Clear 
Creek at Daylight Tunnel, and Clear Creek at Piedmont collection sites, whereas Niskey Lake 
has the smallest spread of 0.00 with 5 outliers. All the sites also indicate at least one sampling 
event exceeding the US EPA’s RWQC (indicated as the black horizontal line).  
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 FIGURE 4.1.1 
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4.2. Spatial Patterns of E. coli 
  Map 4.2.1 displays the mean E. coli of all samples at each of the 36 collection sites. The 
sites were categorized into four distinct groups according to their mean E. coli, (a) under the US 
EPA RWQC of 2.37 log MPN/100mL, (b) 2.37 log MPN/100mL to 3.0 log MPN/100mL, (c) > 
3.0 log MPN/100mL to 4.0 log MPN/100mL, and (d) > 4.0 log MPN/100mL. Eleven of the 36 
collection sites were located OTP, outside of Interstate 285; the remaining 25 were located ITP, 
within Interstate 285. Four of the 11 OTP and 23 of the 25 ITP sites had a mean E. coli 
exceeding the US EPA standard. The two ITP sites that met the US EPA criteria are located on 
the largest water source, the Chattahoochee River, whereas the remaining 23 sites that exceeded 
the RWQC are smaller creeks and tributaries. Two (2) of the 3-highest mean E. coli sites were 
CSO sites located ITP. Map 4.2.2 provides a closer look at ITP. 
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The nine sites with concentrations below the RWQC are located at a further distance 
from downtown Atlanta than the sites with the highest mean concentration (exceeding the 
RWQC (3 log or greater)). The sites with the lowest concentration are, on average, 
approximately 20.22 miles (median=17.27 miles) away from downtown Atlanta, whereas the 
highest mean concentrations are located, on average, approximately 2.77 miles (median=2.44 
miles) away. (Note: Two of the sites with the highest mean concentrations are CSO sites.) 
  
Table 4.2.1 Distance of sites with the lowest mean  
E. coli 
Collection Site 
 Distance from 
DT Atlanta 
Chatt. River at Whitter Mill  6.68 mi 
Chatt. River at Paces Ferry  7.99 mi 
Niskey Lake  8.51 mi 
Wileo Creek  16.37 mi 
Chatt. River at Roswell  17.27 mi 
Big Creek at Riverside Drive  17.39 mi 
Chatt. River at Medlock Bridge  19.82 mi 
Chatt. River at Whitesburg  35.28 mi 
Chatt. at Franklin  52.64 mi 
Note: Average distance from downtown Atlanta is 20.22 mi. 
Table 4.2.2 Distance of sites with the highest mean  
E. coli 
Collection Site 
 Distance from 
DT Atlanta 
Clear Creek at Daylight Tunnel  2.22 mi 
Greensferry CSO*  2.22 mi 
Proc. Creek at Simpson Boone  2.33 mi 
Proc. Creek at Hollowell  2.54 mi 
Tanyard Creek CSO*  2.75 mi 
Duck Pond East  4.58 mi 
Notes: Average distance from downtown Atlanta is 2.77 mi. 
           *Sites with an asterisk (*) are Combined Sewer Overflows. 
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 4.3 Temporal patterns of E. coli 
 The graphs for each of the 36 sites were analyzed for positive “spikes” in E. coli levels. 
Spikes were defined as (1) over the US EPA RWQC (2.37 log MPN/100mL), (2) greater than the 
site’s overall mean, and (3) a positive increase of at least half log from the point of change, the 
sample event before a rise in E. coli levels. 
 Spikes were counted for each season to assess temporal patterns, specifically seasonal 
trends. Winter season was defined as December 21st-March 20th, Spring season as March 21st-
June 20th, Summer as June 21st-September 21st, and Fall as September 22-December 20th. 
 
 
 
 
 
Overall, E. coli concentrations fluctuated throughout the year. There was a total of 578 
spikes over the all sampling events (n= 3353). Spikes occurred 99 of 699 sampling events in 
winter, 168/827 in spring, 141/877 in summer, and 170/950 in the fall (14.16%, 20.31%, 
16.08%, 17.78% respectively). 
The graphs for Chattahoochee River at Medlock, Chattahoochee River at Franklin, Clear 
Creek at Piedmont, Duck Pond East, Greensferry CSO, Niskey Lake, and Tanyard Creek 
Pedestrian Bridge sites are shown to illustrate some of the temporal variation in E. coli. Overall 
these graphs suggest that E. coli levels can vary widely at the same site over time. The sites were 
chosen based on location, variability, or influential factors (CSO). Additional graphs can be 
found with in Appendix C. 
 
 
Table 4.3 Number of spikes and sampling events 
per season 
Season  Spikes  Sample Events 
Winter  99  699 
Spring  168  827 
Summer  141  877 
Fall  170  950 
Total   578  3353 
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Chattahoochee River at Franklin 
Graphs for Chattahoochee River at Franklin show inconsistent E. coli levels over time. 
During the winter season, three spikes out of the 15 sampling events were counted, two spikes 
out of 13 events in the spring, three spikes out of 13 events in the summer, and three out of 12 
events in the fall (20.00%, 15.38%, 23.08%, 25.00% respectively). 
 
 
 
 
 
 
 
 
 
 
 
  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4.3.1a Number of spikes and sampling events at 
Chattahoochee River at Franklin 
Season  Spikes  Sample Events  Percentage 
Winter  3  15  20.00% 
Spring  2  13  15.38% 
Summer  3  13  23.08% 
Fall  3  12  25.00%% 
Total   11  53  --- 
Table 4.3.1b Median and Mean E. coli by Year at 
Chattahoochee River at Franklin 
Year  Median  (log MPN/100mL) 
 Mean  
(log MPN/100mL) 
2014  1.7   1.9 
2015  1.7  1.7 
Overall  1.7  1.9 
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Chattahoochee River at Medlock 
The Chattahoochee River at Medlock graphs show that E. coli levels are typically within 
the US EPA criteria for recreational waters. More spikes were seen in the spring and fall months. 
During the winter season, three spikes out of the 37 sampling events were counted, seven spikes 
out of 45 events in the spring, three spikes out of 42 events in the summer, and six out of 39 
events in the fall (8.11%, 15.56%, 7.14%, 15.38% respectively). 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4.3.2a Number of spikes and sampling events at Chattahoochee 
River at Medlock 
Season  Spikes  Sample Events  Percentage 
Winter  3  37  8.11% 
Spring  7  45  15.56% 
Summer  3  42  7.14% 
Fall  6  39  15.38% 
Total   19  163  --- 
Table 4.3.2b Median and Mean E. coli by Year at 
Chattahoochee River at Medlock Bridge 
Year  Median  (log MPN/100mL) 
 Mean  
(log MPN/100mL) 
2010  1.8  1.9 
2011  1.7  1.8 
2012  1.7  1.8 
2013  1.7  1.9 
Overall  1.8  1.9 
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Clear Creek at Piedmont 
The Clear Creek at Piedmont graphs indicate variation in E. coli over time. During the 
winter season, seven spikes out of the 29 sampling events were counted, eight spikes out of 34 
events in the spring, 11 spikes out of 41 events in the summer, and 10 out of 42 events in the fall 
(24.14%, 23.52%, 26.83%, 23.81% of the data respectively).  
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4.3.3a Number of spikes and sampling events at Clear 
Creek at Piedmont 
Season  Spikes  Sample Events  Percentage 
Winter  7  29  24.14% 
Spring  8  34  23.52% 
Summer  11  41  26.83% 
Fall  10  42  23.81% 
Total   36  146  --- 
Table 4.3.3b Median and Mean E. coli by Year at Clear 
Creek at Piedmont 
Year  Median  (log MPN/100mL) 
 Mean  
(log MPN/100mL) 
2010  3.7  3.5 
2011  3.1  3.3 
2012  2.4  2.6 
2013  2.3  2.4 
2014  2.6  2.7 
2015  2.7  2.7 
Overall  2.6  2.7 
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Duck Pond East 
  The graphs for Duck Pond East show levels consistently exceeding the US EPA RWQC. 
Only 4.65% of the samples (four points of the 86 sampling events) met the standard. The number 
of spikes across the years varied with 2011 having zero spikes and 2014 with nine. This may be 
attributable to the discovery of a documented spill by the CRK at the site on January 2, 2014. 
Excluding the data from the spill, the mean is 3.00 log MPN/100mL, still over the US EPA 
criteria. 
During the winter season, two spikes out of the 16 sampling events was counted, five 
spikes out of 24 events in the spring, three spikes out of 22 events in the summer, and four out of 
24 events in the fall (12.50%, 20.83%, 13.64%, 16.67% respectively). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4.3.4a Number of spikes and sampling events at Duck Pond 
East 
Season  Spikes  Sample Events  Percentage 
Winter  2  16  12.50% 
Spring  5  24  20.83% 
Summer  3  22  13.64% 
Fall  4  24  16.67% 
Total   14  86  --- 
Table 4.3.4b Median and Mean E. coli by Year at Duck 
Pond East 
Year  Median  (log MPN/100mL) 
 Mean  
(log MPN/100mL) 
2011  2.7  2.6 
2012  3.2  2.9 
2013  3.4  3.45 
2014  3.3  3.4 
2015  3.1  3.1 
Overall  3.1  3.2 
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Greensferry CSO 
The graphs indicate that sampling events often exceeded the RWQC. During the winter 
season, three spikes out of the 18 sampling events were counted, five spikes out of 15 events in 
the spring, five spikes out of 22 events in the summer, and three out of 20 events in the fall 
(16.67%, 33.33%, 22.73%, 15.00% respectively). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4.3.5a Number of spikes and sampling events at Greensferry 
CSO 
Season  Spikes  Sample Events  Percentage 
Winter  3  18  16.57% 
Spring  5  15  33.33% 
Summer  5  22  22.73% 
Fall  3  20  15.00% 
Total   16  75  --- 
Table 4.3.5b Median and Mean E. coli by Year at 
Greensferry CSO 
Year 
 Median  
(log MPN/100mL) 
 Mean  
(log MPN/100mL) 
2011  4.4  4.4 
2012  4.3  4.3 
2013  4.2  4.1 
2014  4.1  4.1 
2015  4.5  4.5 
Overall  4.2  4.2 
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Niskey Lake  
  The Niskey Lake site graphs primarily show consistent readings of 1.69 log MPN/100mL 
with the exception of two spikes out of 65 total sample events; one spike of nine sampling events 
can be seen in the winter season and one spike of 18 sampling events in the summer (11.11% and 
5.56% respectively). This may be due to the minimum detection limit when using a 2% water 
sample dilution. The graphs also indicate that Niskey Lake normally has E. coli levels within the 
US EPA RWQC, with 95% of the samples collected meeting the standard. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4.3.6a Number of spikes and sampling events at Niskey Lake 
Season  Spikes  Sample Events  Percentage 
Winter  1  9  11.11% 
Spring  0  14  --- 
Summer  1  18  5.56% 
Fall  0  24  --- 
Total   2  65  --- 
Table 4.3.6b Median and Mean E. coli by Year at 
Niskey Lake 
Year 
 Median  
(log MPN/100mL) 
 Mean  
(log MPN/100mL) 
2013  1.7  1.8 
2014  1.7  1.8 
2015  2.0  2.0 
Overall  1.7  1.8 
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Tanyard Creek Pedestrian Bridge 
  Nine of the 43 sampling events were characterized as a spike in the winter, compared to 
11 of 44 during the spring, eight of 53 during the summer, and 13 of 54 during the fall (20.93%, 
25.00%, 15.09%, 24.07% respectively.) 
 
 Table 4.3.7a Number of spikes and sampling events at Tanyard 
Creek Pedestrian Bridge 
Season  Spikes  Sample Events  Percentage 
Winter  9  43  20.93% 
Spring  11  44  25.00% 
Summer  8  53  15.09% 
Fall  13  54  24.07% 
Total   41  194  --- 
Table 4.3.7b Median and Mean E. coli by Year at 
Tanyard Creek Bridge 
Year 
 Median  
(log MPN/100mL) 
 Mean  
(log MPN/100mL) 
2010  3.0  3.1 
2011  2.9  2.8 
2012  2.7  2.7 
2013  2.9  3.0 
2014  2.6  2.7 
2015  2.6  2.6 
Overall  2.8  2.9 
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 4.4 Relationship between 48-hour Rainfall and E. coli levels 
 The results of the 48-hour Rainfall and E. coli levels Pearson Correlation Coefficient can 
be seen in Table 4.4.1. Four of the seven sites analyzed indicate that there was a significant 
moderate-to-large positive association between rainfall and E. coli levels. However, the three 
remaining sites show that there was no significant association between the two variables.  
  Forty-eight-hour Rainfall and E. coli graphs were also developed for the Chattahoochee 
River at Medlock, Chattahoochee River at Franklin, Clear Creek at Piedmont, Duck Pond East, 
Greensferry CSO, Niskey Lake, and Tanyard Creek Pedestrian Bridge sites. The 48-hour 
Rainfall-E.coli graphs are shown in the following pages. 
 
 
 
 
 
 
 
After increasing the minimum detectable 48-hour rainfall to half-an-inch, there was an 
increase in the significant moderate-large correlation at the same four sites, Chattahoochee River 
at Franklin, Chattahoochee River at Medlock Bridge, Clear Creek at Piedmont, and Tanyard 
Creek Pedestrian Bridge.  However, the Duck Pond East, Greensferry CSO, and Niskey Lake 
sites’ p-values increased, indicating no significant correlation as seen in Table 4.4.2. 
 
 
 
Table 4.4.1 Pearson Correlation - 48-hour Rainfall and E. coli levels 
Site  Pearson’s R  P Value 
Chattahoochee River at Franklin  0.52362  <.0001 
Chattahoochee River at Medlock Bridge  0.67229  <.0001 
Clear Creek at Piedmont  0.38654  <.0001 
Duck Pond East  -0.03013  0.7830 
Greensferry CSO  0.18098  0.1202 
Niskey Lake  0.13138  0.2968 
Tanyard Creek Pedestrian Bridge  0.37800  <.0001 
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Table 4.4.2 Pearson Correlation - 48-hour Rainfall >0.50 inches and 
E. coli levels 
Site  Pearson’s R  P Value 
Chattahoochee River at Franklin  0.5241  .0003 
Chattahoochee River at Medlock Bridge  0.73689  <.0001 
Clear Creek at Piedmont  0.39146  <.0001 
Duck Pond East  -0.0112  0.9341 
Greensferry CSO  0.19637  0.1763 
Niskey Lake  0.13979  0.3433 
Tanyard Creek Pedestrian Bridge  0.46077  <.0001 
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V. DISCUSSION 
5.1 Neighborhood Water Watch (NWW) 
 The NWW has been a wildly successful program, however minor adjustments in the data 
collection and record process could improve future analysis. Collecting 48-hour rainfall data 
prior to collection would be a more appropriate variable to assess than same-day-rainfall. The 
NWW included same-day-rainfall prior to the sampling event and after. Including rainfall after 
the sampling event would not affect the E. coli results, rather it would affect the correlation 
between the two variables. In addition, Tornevi et al. (2014) found that the poorest water quality 
generally peaked 48-hours after rainfall since E. coli concentrations may stay elevated for up to 
three days depending on the duration and amount of rainfall, runoff volume, and sewage 
overflows into the water source (County of Los Angeles Public Health, n.d.; US EPA, n.d.c; 
USGS, 2016a). 
Developing an annual report or summary of the findings could help the local community 
better interpret the data and improve the program. More outreach and effort to promote NWW in 
the Atlanta suburbs could increase the number of water collection sites and provide variety in 
spatial data. Sampling multiple times a week or even multiple times a day could help assess 
normal E. coli concentrations more accurately. 
5.2 Spatial Patterns of E. coli 
  The results showed that most of the NWW sites, 27 of the 36, did not meet the US EPA 
criteria for E. coli in recreational waters. The sites with the lowest mean E. coli concentration 
were, on average, further from downtown Atlanta and the sites with the highest mean E. coli 
concentrations were, on average, closer to downtown Atlanta. The degradation of the waterways 
closer to downtown Atlanta may be attributable to the proximity to CSO sites, urbanization, and 
land use of the city (EPD, 1997; Georgia River Network, n.d.). Additionally, a cluster of three 
water collection sites can be seen in the lower left of Map 4.1.2. The mean of Greensferry CSO, 
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Proctor Creek at Simpson Boone, and Proctor Creek at Hollowell all exceeded 3.00 log 
MPN/100mL. This cluster may be due to the Greensferry CSO site located in the Proctor Creek 
Watershed. The site is located upstream from Simpson Boone and Hollowell. Proctor Creek 
flows northwest into the Chattahoochee River, thus the sites may be affected by the facility’s 
activities (US EPA, 2015b). Further the CSO site located near Tanyard Creek may also influence 
the Tanyard Creek Pedestrian Bridge site since the creek flows north into Peachtree Creek 
(Schaffner, 2010). 
 The mean E. coli concentrations of each of the sites on the Chattahoochee River, the 
larger body of water, had lower mean concentrations that also fell below the US EPA criteria 
limits than smaller streams. This result is also consistent with Gregory & Frick (2000) findings 
from samples collected from May-October 1994 and 1995. The authors found that water samples 
from smaller tributaries contained 10 to 15 times more indicator bacteria than the Chattahoochee 
River. The authors also attributed their findings to Buford Dam and Morgan Falls Dam water 
releases from Lake Lanier and Bull Sluice Lake, respectively, into the main river, creating 
heavier flow and a dilution effect of added water (Gregory & Frick, 2000; Lawrence, 2012).  
5.3 Temporal Patterns of E. coli 
Overall, there was temporal variation in E. coli concentrations. Although E. coli 
concentrations can be seen fluctuating throughout the year, there was no distinct seasonal 
pattern. This outcome, however, seems to contradict other findings. Many studies, including 
Maane-Messai et al. (2010) and Schilling et al. (2009), found that warmer temperatures during 
the summer yielded an increase in E. coli concentrations. Alam & Zafar (2013) also found that 
water temperature was positively correlated with E. coli concentrations; warmer water 
temperatures during the warmer months was associated with increased E. coli levels. This 
study’s results may differ due to inconsistent water sampling, spill or overflow events, and/or 
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lack of statistical modeling. Further research is needed to determine if there is a relationship 
between seasonal change and E. coli levels. 
In addition, each individual site and year also differed from one another. Schilling et al. 
(2009) determined E. coli concentrations vary from year to year. These findings may be due to 
differences in the amount, duration, and intensity of rainfall events, sewage leaks, spills, and 
overflows, and/or location of collection site, which affect E. coli concentrations (Giri & Qiu, 
2016; USGS, 2016a). 
5.4 Relationship between 48-hour Rainfall and E. coli levels 
 The relationship between rainfall and E. coli levels of four of the seven sites analyzed 
was consistent with many studies. Similarly, Parker et al. (2010), Kleinheinz et al. (2009), and 
Tornevi et al. (2014) found that increased rainfall resulted in higher levels of indicator bacteria in 
collected water samples. This lower quality can be attributed to stormwater run-off and 
overflows of sewage systems into nearby waterways (Parker et al., 2010; US EPA, n.d.c). 
However, there have also been studies with conflicting results. Sampson et al. (2006) found no 
relationship between rainfall and E. coli levels. The three sites in this study that did not find a 
correlation between 48-hour rainfall and E. coli levels are important to further investigate. For 
example, NWW found a spill at the Duck Pond East site during this set. The high concentrations 
of E. coli thereafter could have changed the Pearson Correlation Coefficient test between rainfall 
and E. coli. This event makes Duck Pond East an interesting site to further examine in future 
studies. 
5.5 Significance and Impact of the Study 
There are only a few studies regarding the Chattahoochee watershed, however this study 
is the first to examine NWW data on the Chattahoochee River and its lakes and tributaries. This 
study reviewed five years of data from multiple sites and examined spatial, temporal, and rainfall 
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variations. This study was heavily dependent on trained volunteers compared to specialized 
researchers gathering the raw data. Inclusion of trained volunteers in similar future studies could 
exponentially increase raw data gathered, leading to more accurate and more generalizable 
analysis 
5.6 Limitations and Recommendations 
  During this study, there were some significant limitations associated with this analysis. 
Since all the data was collected by NWW volunteers, breaks often occurred within sampling 
events. All 36 of the analyzed sites did not have E. coli results available for every week during 
the 2010-2015 collection years. For the sites considered for analysis, sample collection varied 
from 53 samples to 194 samples. Many of the weeks that skipped water collection and analysis 
were during the late December-January school breaks, the winter season, which may have 
affected the temporal results and spike count. Consistent data can provide more reliable results. 
 Although a criterion was established to count the spikes or elevated levels, there was still 
room for bias since the reader must determine ‘the point of change’ when evaluating a rise. This 
makes it up to the reader to determine if a rise would be considered a spike. Statistical software 
that can identify spikes should be used, such as MATLAB (MathWorks®) or Simulink 
(MathWorks®).  Further, when assessing the percentages of spikes each season, statistical 
modeling is needed to determine if the difference is statistically significant.  
 Further research and analysis is recommended; and the limitations need to be addressed 
to strengthen the findings. Data with samples collected on a regular basis, data with multiple 
samples during the week, and data with duplicates should be used to ensure reliability.  
5.7 Conclusion 
Continuous monitoring of the NWW sites should continue and further actions should be 
taken to improve the health of nation’s surface waters and prevent further degradation. The 
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NWW program and similar programs enable surrounding communities to view the E. coli sample 
results of nearby streams, creeks, tributaries, rivers, and lakes on their online database. The 
availability and accessibility of this data also help alert the nearby communities when sample E. 
coli levels exceed health advisory standards.  
To prevent further degradation of metro-Atlanta’s water resources, strengthening these 
monitoring programs and conducting future research to determine the sources of contamination 
is needed. Preventing unnecessary pollution and restoring these waterways is imperative for not 
only a sustainable future, but for all wildlife, human health, and the economy. 
Although every water source faces its own unique threats and hazards, this study’s 
approach, strategies, and lessons learned can be applied to similar waterways located in US 
urban environments to give an overall broad understanding of local waterways. 
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APPENDIX A 
Additional Neighborhood Water Watch Site Tables and Maps 
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Table A.1 Number of water samples collected per site with 
less than 20 samples 
Site  Samples 
Camp Creek at Adams  16 
Camp Creek at Fairway Dr.  9 
Mill Creek at Land O’Lakes  14 
Mill Creek at Nancy  14 
Nancy Creek at Rickenbacker  14 
Nancy Creek at Roswell  15 
Nickajack Creek at Nickajack Park  18 
North Ave. CSO*  15 
N. Fork Nancy Creek  18 
N. Utoy at Peyton  3 
Proctor Creek at James Jackson  6 
Proctor Creek at Westview  5 
Proctor Creek Tributary-Lincoln at Spring  5 
Proctor Creek Tributary at NW  6 
Proctor Creek Tributary at Lillian  7 
Sandy Creek at Baker Ridge  5 
Sandy Creek at Fulton  19 
S. Fork Peachtree Creek at Houston Mill  10 
S. Utoy at Dodson  5 
S. Utoy Tributary at Connally  11 
CSO* Indicates combined sewer overflow site 
Table A.2 Number of water samples collected per site with 20-50 
samples 
Site  Samples 
Chattahoochee River at Veterans Memorial Brdg.  24 
Falling Branches at Riverside Dr.  26 
Nancy Creek at W. Westley  38 
Nickajack Creek at Industrial Blvd.  43 
North Cooper Lake Creek  20 
Peachtree Creek at Ridgewood  40 
Peavine Creek  23 
Proctor Creek at Francis Brdg.  33 
Proctor Creek at Hortense Way  31 
Proctor Creek Tributary at Groove Park  37 
Proctor Creek Tributary at Lindsay  27 
Rottenwood Creek at Bob Callan 285  44 
Sandy Creek at Bolton  46 
Sope at Columns Dr.  20 
S. Fork Peachtree Creek at Old Briarcliff  37 
Tanyard Creek Algae Pipe  28 
Woodall  39 
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Table A.3 Number of water samples collected per site with 50+ 
samples 
Site   Samples  
Big Creek at Riverside Dr.  122 
Burnt Fork Creek  129 
Chattahoochee River at Franklin  53 
Chattahoochee River at Medlock Brdg.  163 
Chattahoochee River at Paces Ferry   151 
Chattahoochee River at Roswell  121 
Chattahoochee River at Whitesburg  53 
Chattahoochee River at Whitter Mill  87 
Clear Creek at Daylight Tunnel  92 
Clear Creek at Piedmont  144 
Duck Pond East  86 
Duck Pond West  76 
Greensferry CSO*  75 
Little Nancy at Ivy Brdg.  72 
Long Island Creek  66 
Marsh Creek  69 
Nancy at Marist  65 
Nancy Creek at Randall  164 
Niskey Lake  68 
N. Fork Peachtree Creek at Lindberg  78 
N. Utoy at Fairburn  52 
Orme Creek at Clear Creek  86 
Peachtree Creek at Northside  114 
Proctor Creek at Burbank  63 
Proctor Creek at Hollowell  109 
Proctor Creek at NW  101 
Proctor Creek at Simpson Boone  138 
Proctor Creek at WACS  56 
Six Springs Boardwalk  81 
Spinks-Collins Tributary  84 
S. Fork Peachtree Creek at Briarcliff  64 
S. Utoy at Fairburn  53 
Tanyard Creek CSO*  54 
Tanyard Creek Pedestrian Bridge  194 
Utoy at Great SW.  57 
Willeo Creek  117 
CSO* Indicates combined sewer overflow site 
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APPENDIX B 
SAS Descriptive Statistics 
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Table 4.1.1 Descriptive statistics for all sites 
Collection Site 
  E. coli (log MPN/100mL) 
 N  Mean  Standard Deviation  Min  Max  Q1  Median  Q3  Range 
Big Creek at Riverside  122  2.11  0.50  1.70  3.86  1.70  2.00  2.31  2.16 
Burnt Fork Creek  128  2.45  0.56  1.70  4.24  2.00  2.41  2.87  2.54 
Chatt. @ Franklin  53  1.89  0.73  1.00  3.95  1.49  1.72  2.13  2.95 
Chatt. @ Medlock Br.  163  1.85  0.48  1.08  3.50  1.51  1.76  2.03  2.42 
Chatt. @ Paces Ferry  151  2.16  0.58  1.08  3.90  1.79  2.06  2.48  2.82 
Chatt. @ Roswell  121  2.03  0.45  1.70  3.60  1.70  1.70  2.19  1.90 
Chatt. @ Whitesburg  53  1.99  0.69  1.00  3.63  1.49  1.80  2.30  2.63 
Chatt. @ Whitter Mill  87  2.23  0.53  1.70  3.81  1.70  2.19  2.41  2.11 
Clear Creek @ Daylight 
         Tunnel 
 92  3.40  0.77  1.70  5.08  2.94  3.31  3.93  3.38 
Clear Creek @ Piedmont  144  2.74  0.89  1.70  5.08  2.00  2.57  3.42  3.38 
Duck Pond East  86  3.22  0.63  1.70  5.08  2.86  3.11  3.55  3.38 
Duck Pond West  76  2.74  0.71  1.70  4.44  2.25  2.72  3.29  2.74 
Greensferry CSO  75  4.17  0.53  1.70  5.38  3.82  4.16  4.49  3.68 
Little Nancy @ Ivy Br.  72  2.42  0.51  1.70  3.97  2.09  2.41  2.63  2.27 
Long Island Creek  66  2.45  0.57  1.70  4.36  2.00  2.49  2.74  2.66 
Marsh Creek  69  2.76  0.73  1.70  4.41  2.00  2.78  3.30  2.71 
Nancy @ Marist  65  2.72  0.62  1.70  4.14  2.19  2.68  3.19  2.44 
Nancy Creek @ Randall  164  2.55  0.56  1.70  3.90  2.19  2.50  2.86  2.20 
Niskey Lake  65  1.79  0.35  1.70  3.72  1.70  1.70  1.70  2.02 
N. Fork Peachtree Creek @ 
     Lindberg 
 78  2.91  0.59  1.70  4.24  2.50  2.85  3.40  2.54 
N. Utoy @ Fairburn  52  2.68  0.60  1.70  4.54  2.31  2.60  2.88  2.84 
Orme Creek @ Clear Creek  86  2.48  0.74  1.70  4.69  1.70  2.31  2.86  2.99 
Peachtree Creek @ Northside  114  2.79  0.60  1.70  4.72  2.41  2.69  3.14  3.02 
Proc. @ Burbank  63  2.78  0.50  1.70  4.40  2.57  2.78  3.05  2.70 
Proc. @ Hollowell  109  3.03  0.65  1.70  5.38  2.63  2.94  3.33  3.68 
Proc. @ NW  101  2.68  0.47  1.70  3.90  2.31  2.63  2.99  2.20 
Proc. @ Simpson Boone  138  3.65  0.51  1.70  4.91  3.32  3.61  4.01  3.21 
Proc. @ WACS  56  2.53  0.47  1.70  4.09  2.25  2.46  2.69  2.40 
Six Springs @ Boardwalk  81  2.60  0.73  1.70  4.69  2.00  2.50  3.03  2.99 
Spinks-Collins Tributary  84  2.64  0.41  1.70  3.81  2.41  2.63  2.96  2.11 
S. Fork Peachtree Creek @ 
     Briarcliff 
 64  2.56  0.62  1.30  4.09  2.18  2.49  2.96  2.79 
S. Utoy @ Fairburn  53  2.44  0.58  1.70  4.54  2.00  2.41  2.63  2.84 
Tanyard Creek CSO  54  3.41  0.74  2.00  4.86  2.90  3.43  4.05  2.86 
Tanyard Creek Ped. Bridge  194  2.89  0.79  0*  6.08  2.41  2.79  3.31  6.08 
Utoy @ Great S.W.  57  2.65  0.53  1.70  4.12  2.31  2.50  2.94  2.42 
Willeo Creek  117  2.32  0.47  1.70  3.75  2.00  2.31  2.63  2.05 
Overall  3353  2.62  0.78  0.00  6.08  2.00  2.56  3.13  6.08 
Note *Indicates a non-detect number 
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APPENDIX C  
Additional Box Plot and Graph Results 
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